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Development of Standard Experimental Apparatus for
PIV Performance Evaluation

Jaeyong Sung, Deog Hee Doh, Sukjong Lee and Tae Gyu Hwang

Abstract.

An experimental apparatus for PIV performance evaluation has been developed. Stardard

uncertainty of a two-dimensional cross-correlation PIV system was investigated based upon the standard
experimental apparatus, which was devised to model the rigid body rotating flows. For the systematic
analysis of the uncertainty introduced by each component (algorithm, CCD camera, frame grabber) of the
PIV system, standard images are fed into the component independently. The standard experiments show
that 53% of the uncertainty in the present PIV system results from the frame grabber but the errors from

the algorithm and digital camera are ignorable.
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Fig. 1. Schematic diagram for experimental uncertainty estimation according to the components of the PIV system.
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(a) Original image

(b) Image from a digital camera
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(c) Image from an analog camera

Fig. 3. Standard image and its conversion by a CCD camera.
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Table 1. Evaluation conditions on the virtual standard

(reference) image

particle (fi:?ni:tl:r rotation correlation size data
number . angle (NxN) pixel No.
[pixel]

17 1

1.0° 33 2

65 3

.5~1.

0.5~1.0 7 7y

2.0° 33 5

65 6

10000 7 7
1.0° 33 8

65 9

1.0~1.5 7 10

2.0° 33 11

65 12

17 13

1.0° : 33 14

65 15

15000 0.5~1.0 T 6
- 2.0° 33 17

65 18

17 19

1.0° 33 20

65 21

15000  1.0~1.5 7 >
2.0° 33 23

65 24

17 25

1.0° 33 26

65 27

0.5~1.0 7 %

2.0° 33 29

65 30

20000 7 31
1.0° 33 32

65 33

1.0~1.5 7 o

2.0° 33 35

65 36

0.8958] 991 1.1178 F3lFofoF ghe ofn|dirt.
o] Ale RE dA v FEHe AL oME
Z FEte] s =l J eiote] =Tt AR
UE 74 7h2 A2 ez Ay wAS S5
ofof & ojmdit}. HZole tAg Fhve} 49
aurt AFEER M 8o v E AMS-E o9}

2o 2ake @AsA et

& Relative effor between absolute velocity and virtual result {%)
» Relative efror between absolute velocity and capture resutt [%]
4.00
3.00 ﬁ/' N AN //2:\\ ///// -
[\t S G T I N A S Vg N
2.00 .\f'}/ TN S e \3\\ SUCTD.
1.00 | Empmwsltes e N T T i
a e !
0.00 ’————_i',p. 12 "6.:,“@;?52.4%'5@_‘@&1%‘””
.00 F TN o N e . i
,/ hd 8\\ JATIN \\ :‘\8\- <. ;24 > s / . \
- Y, RS RN NG e ess
2.00 | AL 7
00 % 3 / i/ AR
-3. 3 / i w7/ J ~
A £ A \. e
_4.00 N e ez /

. Fig. 5. Relative errors to the true velocity, which result

from a frame grabber.

9 B Ao H8E 8 bit I 2 HE AEE
ol (interlace) A7PEAl #AZ Jpe] =g
(frame)3 Aol et 1/602 AIZAE 7Rl F &
o] =/ (field image)o 2 A7FETt. WA £
HERS AN 98k F e =g odd &
even fields)2. 2 HE|3] AeAHgrelFe ALt
o] 43t Z P de iy gt Eali]
off shute] S BEGAFS dojuly] Yeixe 94
BZke] QA HEd, E A7l e 7158 = (odd
field) 949 HEL G sl 7149 sl
A= U (even field) A4S A3t U]
T2, Table 12 A A<F, YA, 342, 45
A FANA Y] R R AN E Hsksle] FAE 36
7K 7490 tig 587 248 JeRd=l, Fg. 5
°)E 3671A o] thgt Dol g X3 (X = -161 pixel)°ll
A9 Y3 o] o] ol FFol et AlFeAE Y
B ZolT},

ool Algor BAE FEL 7 A4
23% BE7PEA ] st 33 2 E B3t
717] A9 Y& AuAdIeEoR A
2 el 9302 IAE HEL At )
33 Fo| g Asudue|Eo A
5 vekdch 34 28 E B3et Fo} @A @
o QA AUlE R & ¢ & Utk 2-M &
of oz veid AEL 14 2% AR &=
7} olE&&n Tt AA Jelton, %o gros e
W AEL JALE 19 HA$E o|EEEHT & 3
< Holx Qi) 8, 3zt wEt thE XS K
ol AL g Ag Aol oM FAFY
ARkl WE I8N =] AR 7113k AeE
ALEE. A B, AREIHE st e gAY



4 4AG - 583 -

ool gEHn|EE Y8R9 HollA d#=A] 483 &
Astegof skt (2 AFelM e 5~10 pixel, #1414

AIZRHA & A3 FAE), o3 A HE 1°d W
=) grol 2090 W= Ao gro] YeEhA B&
ojujgtt. o] olo] F7H AR 1.5°% HEs I 4AF
ME 2 zte)7h AA YERE & SIS

olAte] & 36714 9ol ekl GAF ey B3
A} g3 B3 Fo] ghe vwgto 24 £43 J4
auiel] &Jg eaE 7 & vk 2 At A%
a9 BFEEETIY 22 -0.03904 pixel¥) 0.11456
pixelo] AT,

4. ZEUEE S A= 25 &N

. g

T Hol 9% PIV Al2H9) Al
Yt B Ao M= Y22 Nd:Yag 04
-8k, 1k x 1k SIFEE 7171 TiAd 7HeEh
71421 (LC8BOYE T71 Ao o]F o] &3le
219} G At o] wj A7kl Fd
zto) o]kl 5~10 pixel oW/} Hl= 2 245}
Pz*&%ﬁlﬂ-% Qg A= 8 pixelE 31K
HEZE 3342 100, 200, 300 rpm, F-H
& 17, 22, 26 mJ, FAF F71E 17, 33, 65
plxeli st

olde] F 277HA] 99 o tisle] REAES
B 1 o] E3tel thdk A &S Fig. 691 vEl
Widch. o] ZgeA vehd Wse s, 3dEE,
AHFY 2] 0B wigsal 95 HpghiE SOt
AF1EA BoAgdeh 1989 HolEy 3dsrt
100 rpm, 10~18H-& 200 rpm, 19~272 300 rpm® )
o] A3 veplied, 3] Ao mE g exte) ¥

ES=E H7t

7

Oft
L
> Ol'ﬂ >

lﬂ

12

BLix
o>‘

: _u 3 8¢ i an e
1:|9L

= Relative Error [%]

=5
azmgyt? " %g

Fa

57

8
6

41 Y
2 1920 213, 23
0

- F 4
2 fofhm La'l d5% " g

Fig. 6. Relative errors to the true velocity.

4F - Pt

Histograrm Window e 2
Max: 14175 (5%) Min: 48 Avg 63

\

LEME JM A 2 T T SR R I N R TR I I S

I'i' :Qgen | Blue ,_E_,U{“,'"f"lce B
(a) 7 mJ

e : 2
Max: 13744 (5/) Min: 62 Avg: 70

Eed

EIMAE B A I IR T A I TR E B S A I S ¢

gen | Blue ¥ Luminance

(b) 22 mJ

Histoaram Window. S AR
Max: 13576 (5/) in 54 Avg: 85

fans N
m

2
14
]

T T 17

LIME B It S (M B I M R I AN B B S L I I

I‘L ﬁreen [~ Blue { Luminance

(c) 26 mJ

Fig. 7. Variation of the image histogram according to the
laser powers.

ste] WslE2 an, Ao &9 g AR
w2 Ar)ext G ol wsted Ao HA
47} 100 rpm& trH oE 7 3 Li— oM Bk A}
7hdA o g aA dehte A2 5Ud gl
7)ol Blste] ol F AR A AAR I3t
Dol A B Zof 719dsh= &ti AEEt) Fig. 72
FLEE S WSS o 3] G4 Bl
@ S 2ETYRTE vehith tAH REFeE
9] fAlet, ok glolx) 37t S| wlet
FEt FHE & 4 Ak 22 Fig. 60l 4
W& wpe} o] HFel7] Hal7h AEAEASE Aof



PIV 4 5AHE 4

xFEAEAR] NG 43

Table 2. Standard uncertainty of the present PIV system by standard experiments.

Source of uncertainty Bias error Standard uncertainty Percent (%) Degree of freedom
Cross-correlation algorithm 0.00218 0.00136 0.63 35

CCD camera (Digital) 0.00056 0.00513 2.38 119

Frame grabber -0.03904 0.11456 53.14 35
Standard experiment 0.12826 0.21557 100 26
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